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1 
This invention relates to carboxyphenylsflox- 
anes. 
if is the purpose of this invention fo increase 
the utility of organopolysiloxanes by including 
therein siloxane units which have carboxyphenyl 5 
groups attached to the silicon atoms. The pres- 
ence of such groups in siloxanes provides polar 
centers and thereby increases the attractive 
forces between the molecules. Another o5ject of 
the invention is to provide water soluble siloxane ]0 
resins. O.ther objects and advantages will be 
apparent from the following description. 
This invention relates to organopolysiloxanes 
having a degree of substitution of from 0.5 to 3 
organic radicals per silicon atom. The organic 15 
radicats are selected from the group consisting of 
carboxyphenyl, tolyl, phenyl and methyl radicals. 
in the polysiloxane there is from one carboxy- 
phenyl radical per 4000 silicon atoms to one car- 
boxyphenyl radical per silicon atom. 20 
The polysiloxanes of this invention include 
both homopolymers and copolymers. The homo- 
polymers within the purview of this invention are 
of the type (HOOCC6H4SiO3/2)n, 
(HOOCC6H41SiO) n and (HOOCC6HI2Si) 20' 
in which 1 is tolyl, phenyl or methyl. 
The copolymers may be composed of any com- 
bination of the above siloxanes. In addition, the 
copotymers may be composed of siloxane units of 30 
the above type in combination with the follow- 
ing siloxane units SiO2, CH3SiO3/, CHSiO/, 
CH3CHSiO3/, (CH3)SiO, (CH)2SiO, 
(CICH) SiO, CH3 (CHs) SiO 35 
CH(CC6DSiO and Css(CHCDSiO and 
siloxane units of the type P3SiO1/2 where the l's 
are any combination of phenyl, methyl and tolyl 
radicals. 
In all cases the degree of substitution of the .i0 
siloxanes is from 0.5 to 3 organic radicals per 
sflicon atom and the number of carboxyphenyl 
radicals present in the siloxanes is such that the 
ratio of carboxyphenyl to sflicon is from 1 to 400O 
to 1 to 1. 45 
The carboxyphenylsiloxanes of this invention 
may be prepared by any appropriate method. 
One such method is by the oxidation of tolyl 
siloxanes under conditions whereby the methyl 
group oî the tolyl radical is converted to a car- 50 
boxyl group. The reaction may be represented 
by the equation 
IIC,CIISi-- -}- 3[0]  IIOOCC«II«Si-- -}- IIO 

2 
One method of oxidizing tolyl groups to car- 
boxyphenyl groups ix by adding a tolyl siloxane 
to an aqueous solution of an alkali metal hydrox- 
ide and KMnO4. The mixture may then be 
refluxed ïor one to rive hours. The solution is 
filtered to remove manganese dioxide and any 
solid unreacted tolyl siloxane. The carboxy- 
phenylsiloxane is obtained upon acidification of 
the filtrate. If desired, a solvent such as benzene 
may be employed during the reaction. 
Another method by which carboxyphenylsilox- 
anes may be prepared is by the preparation of 
Grignard reagents from halogenophenylsiloxanes. 
In this method the halogenophenylsiloxane is 
reacted with magnesium and the Grignard 
reagent thus formed is carbonated with carbon 
dioxide. The carboxyphenyl derivative is ob- 
tained upon acidification of the carbonated prod- 
uct. This method is particularly adaptable for 
the prepa.ration of carboxyphenylsiloxanes of the 
type ( I-IO O C C 6I-I4P2Si ) 20. 
Copolymers containing carboxyphenylsfloxanes 
and methyl, tolyl or phenyl siloxanes may be 
prepared by oxidizing the tolyl groups of copoly- 
mers containing tolyl siloxane units. The oxi- 
dation may be carried out in a variety of ways 
which include air blowing at elevated tempera- 
tures in the presence of a metallic oxide catalyst 
such as MnO and Cr20 and oxidation by the 
above described permanganate method. Alter- 
natively, copolymers containing carboxyphenyl- 
siloxane units and other type siloxane units, may 
be prepared by catalytic copolymerization of car- 
boxyphenylsiloxanes with alkyl and aryl silox- 
anes. Catalysts for such copolymerization in- 
clude alkali metal hydroxides, acids, alkali metal 
salts of organo silanols, alkali metal alkoxides 
and salts of carboxylic acids. 
Carboxyphenylsiloxanes have thermal stabili- 
ries comparable with those of phenyl and methyl 
siloxanes. The materials may be in the form of 
solids or liquids. The carboxyphenylsiloxanes 
are soluble in dilute alkali metal hydroxide solu- 
tion, concentrated N-HOH and organic amines. 
The compounds of this invention are useful 
per se for lubricants, high temperature resins 
and coating agents. 
Carboxyphenylsiloxanes are also. useful as 
intermediates in the preparation of resins of the 
polyester and polyamide type. This may be 
accomplished by reacting polyhydric alcohols 
and diamines respectively with the carboxyphen- 
ylsiloxanes. For example, 1,3-carboxyphenyltet- 
ramethyldisiloxane bas been reacted with eth- 
ylene diamine to produce a copolymeric resin. 
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This material can be drawn out into thread-like 
strands. A similar reaction producç was ob- 
tained by reacting ethanolamine and 1,3-di-p- 
carboxyphenyltetramethyldisiloxane. 
The reaction between carboxyphenylsiloxanes 
and po!yfunctional amines is accomplished by 
mixing the two and heating the mixçure aç a 
temperature above i00 ° C. Useful products are 
obtained when the copolymers so formed have 
compositions ranging from 1 part by weighç 
amine fo 200 parts by weight siloxane ço 2.5 parts 
by weight amine per part by weight siloxane. 
The following examples are illustrative only. 
Example 1 
A mixture of 71.5 g. of tolyl silsesquioxane, 400 
g. of NaO, 267 g. of KMnO4, and 6000 cc. of 
water was placed in a 10 qt. pari. The mixture 
was agitated and boiled for 1/2 hours. During 
this rime the color of the mixture changed from 
puïple fo green. 80 cc. of ethanol was added and 
the mixture was flltered fo remove unreacted 
tolyl silsesquioxane and MnO. Upon acidifica- 
tion of the filtrate ,xth concentrate HC1, 35.6 
g. of a white friable raaterial was obtained. This 
material was shown by analysis fo be a copolymer 
having the composition 3HOOCCI-t4SiO3/ and 
1SiO2. The neutral equivalent of the copolymer 
Was 195. 
Example 2 
23.8 g. of tolyl sflsesquioxane was dissolved 
200 cc. of benzene and the solution was added 
ço a solution of 133 g. oï NaOH and 89 g. 
KMnO in 2000 cc. of water. The mixture was 
reuxed for 2 hours during which rime the color 35 
of the mixture changed from purple fo green. 
The benzene was removed by distillation and 
the aqueous solution was flltered fo remove 
reacted tolyl silsesquioxane and MnO2. Upon 
acidification of the flltrate with HC1 solid car- 40 
boxyphenyl silsesquioxane precipitaed. OEhe 
precipitate had a neutral equivalent of 176. The 
theoretical value for carboxyphenyl silsesquiox- 
ane is 173. 
Example 3 45 
75 g. f tolylmethylsiloxane was dissolved in 
200 cc. of benzene and oxidized by the method 
of Example 2. Upon acidification of the flltrate 
crboxyphenylmethylsiloxane was obtained in 
çhe form of a yellow solid. This solid was solu- 50 
ble in concentrated NHOH. 
Example g 
:134 g. o£ a copolymer having the composition 
35 mol percent CH3CHSiO«. and 65 mol per- 55 
cent CHSiOz/ was ground into a powder. The 
powder was then refluxed for 3 hours in a solu- 
tion consisting of 4000 cc. of water, 400 g. of 
Na0H and 268 g. of KMnO. OEhe solution as 
flltered fo remove M_uO. and unreacted resin, 60 
and çhe flltrate was acidified with concentrated 
HC1. Thereupon 64.5 g. of a copolymer contain- 
ing carboxyphenylsiloxane units, monomethyl- 
siloxane units and SiOe was obtained. This ma- 
terial was soluble in concentrated NI-IOH. 65 
Example 5 
A copolymer having the composition 33/3 mol 
percent CI-CI-SiO/.-, 33 / mol percent 
(CH)SiO and 33/3 percenç CH3SiO/ was oxi- 70 
dized as foltows. 142 g. of the resin was dissolved 
in an equal weight of benzene and the solution 
was added fo a solution of 400 g. NaOH and 268 
g. of KMnO4 in 4500 cc. of water. The mixture 
Was refluxed for l/e hours. 

4 
flltered and acidifled with I-IC1 whereupon 49.8 g. 
of a white solid was obtained. This material 
was a copolymer of carboxyphenylsiloxane, 
methylsiloxane and monomethylsiloxane. The 
5 copolymer was soluble in concentrated NHOH. 
Example 6 
A copolymer having a composition of 25 
mol percent CI-CH.SiO/, 70 mol percent 
10 (CH)SiO and 5 mol percent CH(CH)SiO/2 
was prepared by the hydrolysis of the corre- 
sponding chlorosflanes. The fluid copolymer in 
amount such that 0.29 g. mols of tolyl siloxane 
was present, was refluxed 4 hours with a solu- 
15 tion of 189.6 g. of KiVInO and 282 g. of NaOI-t 
in 4500 cc. of water. The solution was flltered. 
Upon acidification a gummy substance which 
hardened on oven drying fo a grainy powder was 
obtained. This material was shown by analysis 
20 to be a copolymer of carboxyphenylsiloxane, di- 
methylsiloxane and phenyldimethylsiloxane. The 
copolymer was soluble in concentrated NI-tOI-L 
Example 7 
15 g. of tolylmethylsiloxane in pyridine solu- 
°-5 tion was refluxed 15 minutes with 0.95 g. of 
KM_uO. Water was added and the pyridine was 
steam distilled. The aqueous solution was fll- 
tered and the flltrate was extracted with benzene. 
The benzene solution was acidified with HC1 and 
3O then washed neutral. Upon evaporation of the 
solvenç a cloudy fluid was obtained. The fluid 
was a copolymer of tolylmethylsiloxane and car- 
boxyphenylmethylsiloxane in which, as shown by 
ifs neutral equivalent of 00,000, there wa one 
carboxyphenyl radical per 3900 silicon atoms. 
To a 2 g. sample of the fluid copolymer, one 
drop of glycerol was added. The mixture was 
heated 25 hours af 180 ° C. whereupon the ma- 
terial set fo  sort gel. A sample of the copoly- 
mer containing no glycm2ne was unchanged after 
25 hours aç 180 ° C. 
ExampIe 8 
222 g. o tetramethyl, 1,3 di-p-bromophenyldi- 
siloxane was added over a period of 3 hours fo 
44 g. o magnesium shavings in 500 ml. of anhy- 
drous ether. During addition of the disiloxane 
the reaction was exothermic enough fo maintain 
a steady reflux. The Grignard reagent was 
added over  period of 80 minutes fo a large ex- 
cess of powdered, solid, carbon dioxide in 400 ml. 
of ether. The carbonated mixture hydrolyzed in 
dilute H-ICI. The ether layer was extracted with 
NaOH and upon acidification, 151 g. of a tarry, 
yellow fluid was obtained. This mterial was 
recrystallized twice from diethylbenzene where- 
upon a white powdery material melçing af 243 ° C. 
fo 244 ° C. was obtained. Analysis, X-ray and 
infrared examinations proved this material fo be 
tetramethyl 1,3 di-p-carboxyphenyldisiloxane 
The neutral equivalent was round to be 189.8 
while the calculated value is 187.24. 
The salts of çeçramethyl 1,3 di-p-carboxy- 
phenyldisiloxane, were prepared and round to 
be as fo]lows. The ammonium salt is  white 
powdery solid soluble in water. The sodium sait 
is a white water-soluble powdery solid. The 
copper sait is a blue water-insoluble solid. The 
iron sait is a rust-colored, water-insoluble solid. 
Example 9 
10 g. of tetramethyl, 1,3 di-p-carboxyphenyldi- 
siloxane, 6 g. of KOH, 45 ml. of ethanol, 5 ml. 
of water and 25 g. of octamethylcyclotetra- 
The solution was 75 siloxane were refluxed for 40 minutes. The mix- 
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ture was cooled and acidified with hydrochloric 
acid. The mixture was extracted with ether and 
upon evaporation of the solvent a viscous yellow 
off wa.s obtained. This material was a copolymer 
composed of dimethylsiloxane units and carboxy- 
phenyldimethylsiloxane units. 
Example 10 
Copolymers were prepared according to the 
method of Example 9 from octamethylcyclotetra- 
siloxane and carboxyphenylsilsesquioxane and 
îrom octamethylcyclotetrasiloxane and carboxy- 
phenylmethylpolysfloxane. The neutral equiva- 
lents of these copolymer oils range from 19,000 fo 
54,000 showing that the copolymers contain from 
1 carboxyphenyl group per 250 silicon atoms to 
one carboxyphenyl group per 750 silicon atoms. 
That which is claimed is: 
1. An organopolysiloxane having a degree of 
substitution of from 0.5 to 3 organic radicals per 
sflicon atom, said radicals being selected from 
the group consisting of carboxyphenyl, tolyl, 
phenyl and methyl radica]s, and in which poly- 
siloxane there is from one carboxyphenyl radical 
per 4000 silcon atoms to one carboxyphenyl radi- 
cal per silicon atom. 
2. A po]ysiloxane having a degree of substitu- 
tion from 0.5 fo one organic radical per silicon 
atom, ail of the organic radicals being carboxy- 
phenyl radicals. 

6 
3. Carboxyphenylsilsesquioxane. 
4. A copolymeric siloxane in which the siloxane 
units are of the formula R2SiO, where Ris se- 
lected from the group consisting of carboxy- 
5 phenyl, tolyl, methyl and phenyl radicals, in 
which po]ysiloxane there is from one carboxy- 
phenyl radical per 4000 silicon atoms to one 
carboxyphenyl radical per silicon atom. 
5. A siloxane having the composition 
lO (HOOCC6HSiR2) 20. 
where R is selected from the group consisting of 
phenyl, tolyl and methyl radicals. 
6. Tetramethyl 1,3 di-p-carboxypheny]disilox- 
15 ane. 
A/TI-I J. BARRY. 
JOHN V r. GILKEY. 
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